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DATA PROCESSING APPARATUS AND FLOW 
CONTROL METHOD 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is based upon and claims the 
bene?t of priority from prior Japanese Patent Application 
No. 2004-150657, ?led May 20, 2004, the entire contents of 
Which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a data processing 
apparatus such as a computer and a communication device 
and a method of performing ?oW control used in the data 
processing apparatus. 

[0004] 2. Description of the Related Art 

[0005] A third-generation general-purpose I/O inter-con 
nect interface called a PCI EXPRESS has recently been 
noted in a data processing apparatus such as a computer, a 
communication device and audio video equipment. The PCI 
EXPRESS is a standard for interconnecting devices via a 
serial interface and de?ned by the peripheral component 
interconnect special interest group (PCI SIG). In the PCI 
EXPRESS, information is transferred betWeen devices using 
packets. In order to meet various transactions such as a 
memory Write request, a memory read request, an I/O Write 
request and an 1/0 read request, not only packets including 
a header and variable-length data, but also packets including 
only a header and not data are used in the PCI EXPRESS. 
For eXample, a memory read request packet that makes a 
memory read request and an 1/0 read request packet that 
makes an 1/0 read request each include only a header. 

[0006] Credit-based ?oW control is used in the PCI 
EXPRESS. In this How control, a receiving device previ 
ously noti?es a transmitting device of a credit indicative of 
the siZe of an effective receiving buffer in the receiving 
device as How control information. The transmitting device 
can transmit information for the siZe speci?ed by the credit. 
In the PCI EXPRESS, for eXample, a timer can be used as 
a method for transmitting credits regularly from the receiv 
ing device to the transmitting device. 

[0007] In the above method, hoWever, a credit is trans 
mitted from the receiving device to the transmitting device 
Whenever the value of the timer reaches a timeout time 
during Which period the transmitting device has credits 
enough to transmit information freely. The band of commu 
nications betWeen the devices is therefore consumed by 
Wasted transmission of credits. The shorter the timeout time, 
the larger the band consumed by the transmission of credits. 
If the timeout time is considerably longer, the transmitting 
device Will be short of credits and thus cannot transmit 
information to the receiving device. 

[0008] Jpn. Pat. Appln. KOKAI Publication No. 9-205442 
discloses in paragraph 0007 a How control technique that 
Whenever a given space is generated in a receiving buffer, a 
credit indicative of the siZe of the space is transmitted to a 
transmitting device. HoWever, the How control of this pub 
lication is adapted to an asynchronous transfer mode (ATM) 
netWork using ?xed-length packets and makes no distinction 
betWeen a header and data. 
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[0009] In a system using both a packet including a header 
and variable-length data and a packet including only a 
header, ?oW control that makes a distinction betWeen a 
header and data needs to be achieved to prevent a receiving 
buffer from being occupied by packets including data of 
large siZe. 

BRIEF SUMMARY OF THE INVENTION 

[0010] According to an embodiment of the present inven 
tion, there is provided a data processing apparatus compris 
ing a ?rst device, a second device Which communicates With 
the ?rst device, a receiving buffer Which is provided in the 
second device and holds packets transmitted from the ?rst 
device, each of the packets being either one packet including 
a header and variable-length data or an another packet 
including a header and not data, a counting unit Which is 
provided in the second device and counts a ?rst value 
indicative of a siZe of a processed header and a second value 
indicative of a siZe of processed data based on a siZe of each 
of a header and data included in each of the packets output 
from the receiving buffer, and a How control information 
transmission unit Which is provided in the second device and 
transmits ?oW control information, Which indicates a siZe of 
each of a header and data that are receivable by the second 
device, to the ?rst device When the ?rst value or the second 
value reaches a corresponding reference value. 

BRIEF DESCRIPTION OF THE SEVERAL 
VIEWS OF THE DRAWING 

[0011] The accompanying draWings, Which are incorpo 
rated in and constitute a part of the speci?cation, illustrate 
embodiments of the invention, and together With the general 
description given above and the detailed description of the 
embodiments given beloW, serve to eXplain the principles of 
the invention. 

[0012] FIG. 1 is a block diagram shoWing a system 
con?guration of a data processing apparatus according to an 
embodiment of the present invention; 

[0013] FIG. 2 is a block diagram shoWing an intercon 
nection betWeen devices provided in the data processing 
apparatus according to the embodiment of the present inven 
tion; 
[0014] FIG. 3 is a block diagram shoWing a con?guration 
of a How control unit provided in each of the devices in the 
data processing apparatus according to the embodiment of 
the present invention; 

[0015] FIG. 4 is a block diagram shoWing a con?guration 
of a receiving ?oW control update unit provided in the How 
control unit shoWn in FIG. 3; 

[0016] FIG. 5 is a chart shoWing a structure of a packet 
transferred betWeen the devices in the data processing 
apparatus according to the embodiment of the present inven 
tion; 
[0017] FIG. 6 is a ?oWchart illustrating a How control 
operation performed by the data processing apparatus 
according to the embodiment of the present invention; 

[0018] FIG. 7 is a block diagram shoWing another con 
?guration of the How control unit provided in each of the 
devices in the data processing apparatus according to the 
embodiment of the present invention; 
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[0019] FIG. 8 is a ?owchart illustrating another How 
control operation performed by the data processing appara 
tus according to the embodiment of the present invention; 

[0020] FIG. 9 is a block diagram shoWing another con 
?guration of the receiving ?oW control update unit provided 
in the How control unit shoWn in FIG. 3 or FIG. 7; and 

[0021] FIG. 10 is a ?oWchart illustrating still another How 
control operation performed by the data processing appara 
tus according to the embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0022] An embodiment of the present invention Will be 
described With reference to the accompanying draWings. 

[0023] FIG. 1 shoWs a system con?guration of a data 
processing apparatus 1 according to the embodiment of the 
present invention. 

[0024] The data processing apparatus 1 functions as a 
computer, a communication device, audio video equipment 
or the like. Assume here that the apparatus 1 is implemented 
as a computer. 

[0025] The data processing apparatus 1 includes a central 
processing unit (CPU) 11, a host bridge 12, a main memory 
13, a graphics controller 14, an I/O controller 15, a hard disk 
drive (HDD) 16 and I/O devices 17 and 18, as shoWn in FIG. 
1. The CPU 11 is a processor for controlling an operation of 
the apparatus 1. The processor eXecutes various programs 
(operating system and application programs) that are loaded 
into the main memory 13 from the HDD 16. The host bridge 
12 is a bridge device for bridging the CPU 11 and I/O 
controller 15. The bridge device has a function of commu 
nicating With the graphics controller 14 and includes a 
memory controller for controlling the main memory 13. The 
U0 controller 15 controls the I/O devices 17 and 18 under 
the control of the CPU 11. The U0 controller 15 includes an 
integrated drive electronics (IDE) controller for controlling 
the HDD 16. 

[0026] The host bridge 12, graphics controller 14, U0 
controller 15 and I/O devices 17 and 18 are devices (com 
ponents) that comply With the PCI EXPRESS. The host 
bridge 12 and graphics controller 14 communicate With each 
other via a PCI EXPRESS link 30 provided therebetWeen. 
Similarly, the host bridge 12 and I/O controller 15 commu 
nicate With each other via a PCI EXPRESS link 30 provided 
therebetWeen. Further, the I/O controller 15 and each of the 
I/O devices 17 and 18 communicate With each other via a 
PCI EXPRESS link 30 provided therebetWeen. 

[0027] FIG. 2 shoWs an interconnection betWeen tWo 
devices (#A) 21 and (#B) 22 that comply With the PCI 
EXPRESS. Acombination of these devices (#A) 21 and (#B) 
22 corresponds to that of the host bridge 12 and graphics 
controller 14, that of the host bridge 12 and I/O controller 
15, or that of the I/O controller 15 and each of the I/O 
devices 17 and 18. 

[0028] The devices (#A) 21 and (#B) 22 are intercon 
nected to each other via the PCI EXPRESS link 30. The PCI 
EXPRESS link 30 is a serial interface (serial bus) for 
connecting the devices (#A) 21 and (#B) 22 in point-to-point 
fashion. The PCI EXPRESS link 30 includes a differential 
signal line pair for transmitting information from the device 
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(#A) 21 to the device (#B) 22 and a differential signal line 
pair for transmitting information from the device (#B) 22 to 
the device (#A) 21. The transmission of information 
betWeen the devices (#A) 21 and (#B) 22 via the PCI 
EXPRESS link 30 is performed using packets. 

[0029] Various transactions such as a memory Write 
request, a memory read request, an I/O Write request and an 
I/ O read request are all transmitted betWeen the devices (#A) 
21 and (#B) 22 using packets. 

[0030] The devices (#A) 21 and (#B) 22 include How 
control units 31 and 32, respectively, to implement ?oW 
control for information transmitted betWeen the devices 
(#A) 21 and (#B) 22. The How control unit 31 of the device 
(#A) 21 transmits a credit value indicative of the siZe of an 
effective receiving buffer in the device (#A) 21 to the How 
control unit 32 of the device (#B) 22 as How control 
information. The device (#B) 22 can transmit to the device 
(#A) 21 information corresponds to the siZe indicated by the 
credit value sent from the device (#A) 21. Similarly, the How 
control unit 32 of the device (#B) 22 sends a credit value 
indicative of the siZe of an effective receiving buffer in the 
device (#B) 22 to the How control unit 31 of the device (#A) 
21 as How control information. The device (#A) 21 can 
transmit to the device (#B) 22 information corresponds to 
the siZe indicated by the credit value sent from the device 
(#B) 22. 

[0031] The con?guration of the How control unit provided 
in each of the devices Will be described With reference to 
FIG. 3. The How control unit 31 of the device (#A) 21 is 
shoWn as a typical one in FIG. 3. 

[0032] The function of each of the devices that comply 
With the PCI EXPRESS is categoriZed into three layers of a 
transaction layer, a data link layer and a physical layer. The 
How control is implemented by the transaction layer. The 
How control unit 31 functions as a transaction layer. 

[0033] The How control unit 31 includes a receiving buffer 
101, a receiving ?oW control unit 102 and a receiving ?oW 
control update unit 103, as shoWn in FIG. 3. 

[0034] The receiving buffer 101 holds a packet (transac 
tion layer packet TLP) received from the device (#B) 22. As 
shoWn in FIG. 5, the transaction layer packet TLP includes 
a header and necessary data (data payload). The siZe of the 
header is tWelve bytes or siXteen bytes. The siZe of the data 
is variable, and its minimum siZe is Zero byte and its 
maXimum siZe is four kilobytes. In other Words, the TLP is 
a packet including a header and not data or a packet 
including both a header and data. The How control of the 
TLP is carried out in units of credit. One credit is siXteen 
bytes. 

[0035] For eXample, a memory read request packet that 
makes a memory read request, an I/O read request packet 
that makes an I/O read request, and a con?guration read 
request packet that makes a con?guration read request each 
includes only a header and not a data payload. For eXample, 
a memory Write request packet that makes a memory Write 
request includes both a header and a variable-length data 
payload. 

[0036] The How control information transmitted from the 
How control unit 31 of the device (#A) 21 to the device (#B) 
22 contains a credit value indicative of the siZe of a 
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receivable header and a credit value indicative of the siZe of 
receivable data. The credit value is referred to as a credit 
number (Which means the number of credits). The How 
control information is transmitted using a data link layer 
packet DLLP generated by the data link layer. 
[0037] The header of the TLP includes a plurality of ?elds 
having information necessary to determine the objective and 
feature of the TLP. The header of the TLP also includes a 
?eld indicative of the siZe of a subsequent data payload. 

[0038] When the device (#A) 21 is initialiZed, the How 
control unit 31 transmits ?oW control information including 
an initial credit value indicative of the siZe of the effective 
receiving buffer 101 to the device (#B) 22 at the other end 
using a How control DLLP (FC DLLP). The How control 
information includes a credit number indicative of the siZe 
of a receivable header and a credit number indicative of the 
siZe of receivable data. The device (#A) 21 can transmit the 
headers and data corresponding to the header and data siZes 
designated by the How control information. 

[0039] The receiving ?oW control unit 102 refers to the 
header of the TLP received from the device (#B) 22 and 
acquires the siZe of each of a header and data included in the 
received TLP as credit information. The unit 102 carries out 
Write control to permit the received TLP to be Written to the 
receiving buffer 101 or inhibit it from being Written thereto 
in order to prevent the receiving buffer 101 from over?oW 
ing. This Write control is done based on the header and data 
siZes Which are permitted to be sent to the device (#B) 22 by 
the How control information and the header and data siZes of 
the received TLP. 

[0040] The receiving ?oW control update unit 103 acquires 
the siZe of each of a header and data included in the TLP 
output from the receiving buffer 101 as credit information, 
based on the content of the header included in the TLP. Then, 
the unit 103 counts the siZe of the processed header and that 
of the processed data based on the acquired credit informa 
tion. The unit 103 transmits update ?oW control information 
to the device (#A) 21 using an update ?oW control DLLP 
(UpdateFC DLLP) When the number of credits correspond 
ing to the siZe of the processed header reaches the number 
P1 of update credits for header, or When the number of 
credits corresponding to the siZe of the processed data 
reaches the number P2 of update credits for data. The 
number P1 and the number P2 are set by softWare. The 
UpdateFC DLLP is a kind of data link layer packet DLLP 
generated by the data link layer. The update ?oW control 
information includes a neW credit number (Which means the 
number of updated header credits) indicative of the siZe of 
a header that can be received by the device (#A) 21 and a 
neW credit number (Which means the number of updated 
data credits) indicative of the siZe of data that can be 
received by the device (#A) 21. The number of updated 
header credits and that of updated data credits are supplied 
to the receiving ?oW control unit 102. 

[0041] FIG. 4 shoWs a con?guration of the receiving ?oW 
control update unit 103. The unit 103 includes a header/data 
credit number detector 201, a header processed-credit num 
ber counter 202, a data processed-credit number counter 
203, an updated-credit number generator 204 and an 
UpdateFC DLLP issuer 205. 

[0042] The header/data credit number detector 201 ana 
lyZes the header included in the TLP output from the 
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receiving buffer 101 and detects the number of credits of 
each of the header and data included in the TLP. In any 
TLPs, the number of credits of the header is alWays one. On 
the other hand, the number of credits of data depends on the 
siZe of the data included in the TLP. The header processed 
credit number counter 202 counts the number Q1 of pro 
cessed credits for header. The number Q1 is a value that 
indicates in units of credit the total siZe of the processed 
headers output from the receiving buffer 101 up to noW. 
Since the number of credits of the header included in one 
TLP is alWays one, the number Q1 is incremented by one 
each time the receiving buffer 101 outputs a TLP. In other 
Words, the number Q1 coincides With the number of pro 
cessed TLPs. The data processed-credit number counter 203 
counts the number Q2 of processed credits for data. The 
number Q2 is a value that indicates in units of credit the total 
siZe of the processed data output from the receiving buffer 
101 up to noW. The number of credits of data included in one 
TLP is variable. Each time the receiving buffer 101 outputs 
a TLP, the number Q2 is incremented by the number of 
credits corresponding to the siZe of data included in the TLP. 

[0043] The updated-credit number generator 204 operates 
to calculate the number of update header credits and the 
number of update data credits When one of the folloWing 
events occurs: the number Q1 of processed credits for 
header reaches the number P1 of update credits for header 
and the number Q2 of processed credits for data reaches a 
value that is not smaller than the number P2 of update credits 
for data. For eXample, the calculated number of update 
header credits coincides With the current number Q1 of 
processed credits for header and the calculated number of 
update data credits coincides With the current number Q2 of 
processed credits for data. The UpdateFC DLLP issuer 205 
issues How control information including the number of 
update header credits and the number of update data credits 
calculated by the generator 204 as an UpdateFC DLLP, and 
transmits it to the device at the other end. 

[0044] An operation of the How control unit 31 Will be 
described With reference to the ?oWchart shoWn in FIG. 6. 

[0045] First, the How control unit 31 acquires the number 
P1 of update credits for header and the number P2 of update 
credits for data from softWare (step S101). These numbers 
P1 and P2 are held in, e.g., a register in the unit 31 and used 
as reference values to determine the timing of generation of 
an UpdateFC DLLP. Then, the unit 31 initialiZes the num 
bers Q1 and Q2 to set them to Zero (step S102). 

[0046] The transaction layer of the device (#A) 21 reads 
TLPs in sequence from the head of the receiving buffer 101 
and process the TLPs in sequence. When the TLP is pro 
cessed, read/Write access is gained to the memory and 
register in the device (#A) 21. When one TLP is read out of 
the receiving buffer 101 (YES in step S103), the How control 
unit 31 updates the numbers Q1 and Q2 based on the number 
of credits of each of the header and data included in the TLP 
(step S104). The number Q1 is incremented by one, and the 
number Q2 is incremented by the number of credits of the 
data included in the TLP. If the TLP includes no data, the 
number Q2 is not updated. 

[0047] The How control unit 31 generates ?oW control 
information including the number of update header credits 
and the number of update data credits as an UpdateFC DLLP 
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(step S107) if one of the following conditions is met (YES 
in step S105 or YES in step S106): 

[0050] The UpdateFC DLLP is transmitted to the device at 
the other end. After that, the unit 31 initializes the numbers 
Q1 and Q2 to set them to Zero (step S102). 

[0051] The How control unit 31 manages the siZe of the 
processed header and that of the processed data based on the 
siZe of each of the header and data included in the packet 
actually output from the receiving buffer 101. When at least 
one of the siZes of the processed header and data reaches a 
reference value, the unit 31 generates an UpdateFC DLLP. 
A credit can thus be transmitted to a transmitting device at 
the optimum timing before the transmitting device becomes 
short of credits. The occupation of a band due to a large 
number of UpdateFC DLLPs can be prevented, as can be the 
shortage of credits in the transmitting device. Since the How 
control of the unit 31 distinguishes a header from data, the 
receiving buffer can be prevented from being occupied by 
packets including data of large siZe. Consequently, the 
receiving buffer does not over?oW, but both a packet includ 
ing only the header and a packet including both the header 
and data can be transmitted With ef?ciency. 

[0052] FIG. 7 is a block diagram shoWing another con 
?guration of the How control unit 31. The unit 31 includes 
a timer 104 in addition to the components shoWn in FIG. 3. 
The timer 104 measures time elapsed from the last trans 
mission of How control information. The receiving ?oW 
control update unit 103 manages the timing of generation of 
an UpdateFC DLLP using the number Q1 of processed 
credits for header and the number Q2 of processed credits 
for data and the time measured by the timer 104 in order to 
prevent an UpdateFC DLLP from being not generated for a 
long time. 

[0053] FIG. 8 is a ?oWchart illustrating an operation of the 
How control unit 31 shoWn in FIG. 7. First, the unit 31 
acquires the number P1 of update credits for header and the 
number P2 of update credits for data from softWare (step 
S201). These numbers P1 and P2 are held in, e.g., a register 
in the unit 31 and used as reference values to determine the 
timing of generation of an UpdateFC DLLP. Then, the unit 
31 initialiZes the numbers Q1 and Q2 to set them to Zero 
(step S202). In this step S202, the timer 104 is initialiZed, 
too. The transaction layer of the device (#A) 21 reads TLPs 
in sequence from the head of the receiving buffer 101 to 
process the TLPs. Consequently, read/Write access is gained 
to the memory and register in the device (#A) 21. 

[0054] The How control unit 31 determines Whether the 
value of the timer 104 eXceeds a preset value (Whether a 
timeout occurs) (step S203). If a timeout occurs (YES in step 
S203), the unit 31 generates ?oW control information includ 
ing the number of update header credits and that of update 
data credits as an UpdateFC DLLP (step S207). These 
numbers are generated based on the current values of the 
numbers Q1 and Q2. After that, the unit 31 returns to step 
S202 to initialiZe the numbers Q1 and Q2 and the timer 104. 

[0055] If the value of the timer 104 does not eXceed the 
preset value (NO in step S203), the How control unit 31 
determines Whether the receiving buffer 101 outputs a TLP 
(step S204). If the receiving buffer 101 outputs a TLP (YES 
in step S204), the unit 31 updates the numbers Q1 and Q2 
based on the number of credits of each of the header and data 
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included in the TLP (step S205). The number Q1 is incre 
mented by one, and the number Q2 is incremented by the 
number of credits of the data included in the TLP. If the TLP 
includes no data, the number Q2 is not updated. 

[0056] The How control unit 31 generates ?oW control 
information including the number of update header credits 
and the number of update data credits as an UpdateFC DLLP 
(step S208) if one of the folloWing conditions is met (YES 
in step S206 or YES in step S207): 

[0059] After that, the unit 31 returns to step S202 to 
initialiZe the numbers Q1 and Q2 and the timer 104. 

[0060] When the number of TLPs transmitted from the 
transmitting device is relatively small, neither the number 
Q1 nor the number Q2 increases easily. There is a case 
Where neither of the above conditions (P1=Q1 and P2§Q2) 
is satis?ed or no UpdateFC DLLP is transmitted for a long 
time. The transmitting device cannot determine Whether an 
error occurs in the receiving device or Whether the trans 
mitting device fails to receive an UpdateFC DLLP from the 
receiving device. The situation in Which no UpdateFC DLLP 
is transmitted for a long time is not favorable to the 
reliability of operations. The use of the timer 104 in the How 
control unit 31 shoWn in FIG. 7 alloWs the upper limit of a 
time period during Which no UpdateFC DLLP is transmitted 
to fall Within a given range and makes it possible to prevent 
the above situation from occurring. 

[0061] Another con?guration of the receiving ?oW control 
update unit 103 provided in the How control unit 31 shoWn 
in FIG. 3 or FIG. 7 Will be described With reference to FIG. 
9. 

[0062] The receiving ?oW control update unit 103 shoWn 
in FIG. 9 distinguishes the folloWing three TLP types for 
each virtual channel. 

[0063] Posted Request (P): 
[0064] This TLP is a request packet that need not be 
returned from the receiving device. For eXample, a memory 
Write request packet is the posted request. 

[0065] Non-posted Request (NP): 
[0066] This TLP is a request packet that needs to be 
returned from the receiving device. For eXample, a read 
request packet, an I/O Write request packet and a con?gu 
ration request packet are all non-posted requests. 

[0067] Completion (CPL): 
[0068] This TLP is a return packet that is associated With 
a corresponding non-posted request. For eXample, a packet 
for transmitting read data and a packet for transmitting 
acknowledgement are completion packets. 

[0069] The How control of the receiving ?oW control 
update unit 103 distinguishes a header from data for each of 
the TLP types. In the How control, therefore, the folloWing 
siX types are managed for each virtual channel: 

[0070] 

[0071] 

[0072] 

[0073] 

Header (PH) of posted request (P) 

Data (PD) of posted request (P) 

Header (NPH) of non-posted request (NP) 

Data (NPD) of non-posted request (NP) 
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[0074] Header (CPLH) of completion (CPL) 

[0075] Data (CPLD) of completion (CPL) 

[0076] The receiving ?oW control update unit 103 includes 
a virtual channel determination unit 401 and n receiving 
?oW control update modules 402 corresponding to a plural 
ity of virtual channels (VC#0, VC#1, . . . VC#n). These 
virtual channels are established on the PCI EXPRESS link 
30. The How control is carried out independently for each of 
the virtual channels. 

[0077] The header of each TLP includes an identi?er (TC: 
traf?c class) for identifying a virtual channel corresponding 
to the TLP. The virtual channel determination unit 401 
determines a virtual channel number (VC#0, VC#1, . . . , 

VC#n) corresponding to a TLP output from the receiving 
buffer 101 based on the TC included in the header of the 
TLP. Information on the TLP of VC#0 is processed by its 
corresponding receiving ?oW control update module 402 for 
VC#0, information on the TLP of VC#1 is processed by its 
corresponding receiving ?oW control update module 402 for 
VC#1, and information on the TLP of VC#n is processed by 
its corresponding receiving ?oW control update module 402 
for VC#n. 

[0078] Each of the receiving ?oW control update modules 
402 includes a TLP type determination unit 501, a P-type 
(posted request) TLP receiving ?oW control update unit 502, 
an NP-type (non-posted request) TLP receiving ?oW control 
update unit 503 and a CPL-type (completion) TLP receiving 
?oW control update unit 504. Each of the modules 402 
counts the number Q1 of processed credits for header and 
the number Q2 of processed credits for data for each of the 
P, NP and CPL types. 

[0079] Based on the TLP type identi?cation information 
included in the header of the TLP of a virtual channel, the 
TLP type determination unit 501 determines Which of the P, 
NP and CPL types the TLP is. Information on a P-type TLP 
is processed by the unit 502, information on an NP-type TLP 
is processed by the unit 503, and information on a CPL-type 
TLP is processed by the unit 504. The units 502, 503 and 504 
each have the con?guration illustrated in FIG. 4. They also 
each include a timer 104 and manage the timing of genera 
tion of an UpdateFC DLLP using the numbers Q1 and Q2 
and the value of the timer 104. 

[0080] An operation of the receiving ?oW control update 
unit 103 shoWn in FIG. 9 Will be described With reference 
to the ?oWchart shoWn in FIG. 10. 

[0081] First, the unit 103 acquires the number P1 of update 
credits for header and the number P2 of update credits for 
data corresponding to each of the P, NP and CPL types from 
softWare for each of the virtual channels (VC) (step S301). 
These numbers P1 and P2 are held in, e.g., a register in the 
unit 103 and used as reference values for determining the 
timing of generation of an UpdateFC DLLP. Then, the unit 
103 initialiZes the numbers Q1 and Q2 to set them to Zero 
(step S302). In step S302, the unit 103 also initialiZes the 
timer 104 corresponding to each of the. P, NP and CPL types 
for each of the virtual channels (VC). The timer 104 is 
provided for each of combinations of the virtual channels 
(VC) and the TLP types. 

[0082] The receiving ?oW control update unit 103 deter 
mines Whether the value of the timer 104 exceeds a preset 
value (Whether a timeout occurs) (steps S303 to S307). If the 
value of the timer 104 does not eXceed the preset value, the 
unit 103 determines Whether the receiving buffer 101 out 
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puts a TLP (step S308). If the receiving buffer 101 outputs 
a TLP (YES in step 308), the unit 103 determines a virtual 
channel number corresponding to the TLP (step S309). The 
virtual channel number is determined by the value of a TC 
included in the header of the TLP. After that, the unit 103 
determines Which of the P, NP and CPL types the TLP output 
from the receiving buffer 101 is (step S310). The folloWing 
process is performed for each of the P, NP and CPL types. 
Assume here that the virtual channel number of the TLP 
output from the receiving buffer 101 is VC#0 and the type 
thereof is P. 

[0083] The receiving ?oW control update unit 103 updates 
the numbers Q1 and Q2 based on the number of credits of 
each of the header and data included in the P-type TLP 
output from the receiving buffer 101 (step S401). The 
number Q1 is incremented by one, and the number Q2 is 
incremented by the number of credits of the data included in 
the P-type TLP. If the P-type TLP includes no data, the 
number Q2 is not updated. 

[0084] The receiving ?oW control update unit 103 gener 
ates ?oW control information including the number of 
update header credits indicative of the number of credits of 
the header of a receivable P-type TLP and the number of 
update data credits indicative of the number of credits of the 
data of the receivable P-type TLP as an UpdateFC DLLP 
(step S404) if one of the folloWing conditions is met (YES 
in step S402 or YES in step S403): 

[0087] The UpdateFC DLLP includes a virtual channel 
number and a TLP type (=P). After that, the unit 103 
initialiZes the numbers Q1 and Q2 corresponding to the type 
P and the timer 104 corresponding to a combination of the 
virtual channel number VC#0 and the type P (step S405). 

[0088] Even though a timeout of the timer 104 corre 
sponding to the combination of the virtual channel number 
VC#0 and the type P occurs (YES in step S303), the 
receiving ?oW control update unit 103 generates ?oW con 
trol information including the number of update header 
credits indicative of the number of credits of the header of 
a receivable P-type TLP and the number of update data 
credits indicative of the number of credits of the data of the 
receivable P-type TLP as an UpdateFC DLLP (step S404). 
The UpdateFC DLLP includes a virtual channel number and 
a TLP type (=P). After that, the unit 103 initialiZes the 
numbers Q1 and Q2 correspond- ing to the type P and the 
timer 104 corresponding to the combination of the virtual 
channel number VC#0 and the type P (step S405). 

[0089] As described above, the How control for each of the 
TLP types can prevent the receiving buffer from being 
occupied by a speci?c-type TLP, With the result that the 
TLPs of all the types can be transmitted With ef?ciency. 

[0090] The functions of the How control of the embodi 
ment can also be carried out by softWare. 

[0091] Additional advantages and modi?cations Will 
readily occur to those skilled in the art. Therefore, the 
invention in its broader aspects is not limited to the speci?c 
details and representative embodiments shoWn and 
described herein. Accordingly, various modi?cations may be 
made Without departing from the spirit or scope of the 
general inventive concept as de?ned by the appended claims 
and their equivalents. 
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What is claimed is: 
1. A data processing apparatus comprising: 

a ?rst device; 

a second device Which communicates With the ?rst 

device; 
a receiving buffer Which is provided in the second device 

and holds packets transmitted from the ?rst device, 
each of the packets being either one packet including a 
header and variable-length data or an another packet 
including a header and not data; 

a counting unit Which is provided in the second device and 
counts a ?rst value indicative of a siZe of a processed 
header and a second value indicative of a siZe of 
processed data based on a siZe of each of a header and 
data included in each of the packets output from the 
receiving buffer; and 

a How control information transmission unit Which is 
provided in the second device and transmits ?oW 
control information, Which indicates a siZe of each of a 
header and data that are receivable by the second 
device, to the ?rst device When the ?rst value or the 
second value reaches a corresponding reference value. 

2. The data processing apparatus according to claim 1, 
Wherein the counting unit counts the ?rst value and the 
second value in units of credit of a given siZe. 

3. The data processing apparatus according to claim 1, 
Wherein the apparatus further comprises a timer Which 
measures time elapsed from last transmission of the How 
control information, and 

the How control information transmission unit is con?g 
ured to transmit the How control information to the ?rst 
device When one of a condition that the ?rst value or the 
second value reaches the corresponding reference value 
and a condition that the elapsed time reaches a given 
time is met. 

4. The data processing apparatus according to claim 1, 
Wherein the apparatus further comprises a unit Which is 
provided in the second device and determines Which of a 
posted request packet, a non-posted request packet and a 
completion packet each of the packets output from the 
receiving buffer is, and 

the counting unit is con?gured to count the ?rst value and 
the second value for each of the posted request packet, 
non-posted request packet and completion packet. 

5. A device that communicates With another device, 
comprising: 

a receiving buffer Which holds packets transmitted from 
said another device, each of the packets being either 
one packet including a header and variable-length data 
or an another packet including a header and not data; 

a counting unit Which counts a ?rst value indicative of a 
siZe of a processed header and a second value indica 
tive of a siZe of processed data based on a siZe of each 
of a header and data included in each of the packets 
output from the receiving buffer; and 
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a How control information transmission unit Which trans 
mits ?oW control information, Which indicates a siZe of 
each of a receivable header and data, to said another 
device When the ?rst value or the second value reaches 
a corresponding reference value. 

6. The device according to claim 5, Wherein the device 
further comprises a timer Which measures time elapsed from 
last transmission of the How control information, and 

the How control information transmission unit is con?g 
ured to transmit the How control information to said 
another device When one of a condition that the ?rst 
value or the second value reaches the corresponding 
reference value and a condition that the elapsed time 
reaches a given time is met. 

7. The device according to claim 5, Wherein the device 
further comprises a unit Which determines Which of a posted 
request packet, a non-posted request packet and a comple 
tion packet each of the packets output from the receiving 
buffer is, and 

the counting unit is con?gured to count the ?rst value and 
the second value for each of the posted request packet, 
non-posted request packet and completion packet. 

8. A method of performing ?oW control to control a How 
of packets from a ?rst device to a receiving buffer provided 
in a second device, each of the packets either one packet 
including a header and variable-length data or an another 
packet including a header and not data, the method com 
prising: 

counting a ?rst value indicative of a siZe of a processed 
header and a second value indicative of a siZe of 
processed data based on a siZe of each of a header and 
data included in each of the packets output from the 
receiving buffer; and 

transmitting ?oW control information indicative of a siZe 
of each of a header and data that are receivable by the 
second device from the second device to the ?rst device 
When the ?rst value or the second value reaches a 
corresponding reference value. 

9. The method according to claim 8, Wherein the method 
further comprises measuring time elapsed from last trans 
mission of the How control information, and 

the transmitting includes transmitting the How control 
information from the second device to the ?rst device 
When one of a condition that the ?rst value or the 
second value reaches the corresponding reference value 
and a condition that the elapsed time reaches a given 
time is met. 

10. The method according to claim 8, Wherein the method 
further comprises determining Which of a posted request 
packet, a non-posted request packet and a completion packet 
each of the packets output from the receiving buffer is, and 

the counting includes counting the ?rst value and the 
second value for each of the posted request packet, 
non-posted request packet and completion packet. 


